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(57) ABSTRACT

Disclosed is an approximate physical simulation integrated
debugging method based on digital twinning, which
includes the following steps of: a production line simulation
model building step, a twinning step, a system debugging
step, a hardware-in-the-loop debugging step, and a device-
in-the-loop debugging step. The approximate physical simu-
lation integrated debugging system based on digital twin-
ning includes a production line simulation model building
module, a twinning module, a system debugging module, a
hardware-in-the-loop debugging module, and a device-in-
the-loop debugging module. According to the approximate
physical simulation integrated debugging method and sys-
tem based on digital twinning, since a local component twin
after being successfully debugged is replaced with an entity
component, when a problem occurs after replacement, only
the local component twin needs to be debugged and opti-
mized again, thus saving time and reducing cost.
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APPROXIMATE PHYSICAL SIMULATION
INTEGRATED DEBUGGING METHOD AND
SYSTEM BASED ON DIGITAL TWINNING

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims foreign priority of Chinese
Patent Application No. 202011518822.0, filed on Dec. 21,
2020 in the China National Intellectual Property Adminis-
tration, the disclosures of all of which are hereby incorpo-
rated by reference.

TECHNICAL FIELD

The present invention relates to the field of automatic
production line technologies, and more particularly, to an
approximate physical simulation integrated debugging
method based on digital twinning and a system thereof.

BACKGROUND

An existing automatic production line and device devel-
opment mode is a serial mode from mechanical design and
electric control design to software verification. Under the
serial development mode, design problems at all levels will
be exposed gradually only at a stage of integration and
debugging, and even some system-level problems will be
caused, resulting in functional integrity, control logic accu-
racy, and performance reliability of automation device fail-
ing to meet the production requirements, so that a system
performance of a production line is reduced. At present, a
method for debugging the production line includes putting a
whole system into the production of an entity device after
system simulation debugging is completely successful.
However, the disadvantage of this method is that the pro-
duction of the entity device should be started after debug-
ging, and then the whole virtual part is replaced with the
entity. If there is a problem after replacement, the virtual part
should be debugged again, and then the entity device is
improved again, thus prolonging a development period and
increasing a cost.

SUMMARY

Aiming at the above defects, the present invention is
intended to provide an approximate physical simulation
integrated debugging method and system based on digital
twinning. Since a local component twin after being success-
fully debugged is replaced with an entity component, when
a problem occurs after replacement, only the local compo-
nent twin needs to be debugged and optimized again, thus
saving time and reducing cost.

In order to achieve the objective, the following technical
solutions are used in the present invention. An approximate
physical simulation integrated debugging method based on
digital twinning includes the following steps of:

aproduction line simulation model building step: building
local component simulation models according to model
selection of a remote device in a production line, then
forming all the local component simulation models into
local device simulation models, and finally integrating all
the local device simulation models to build a local produc-
tion line simulation model,;

atwinning step: generating a local production line twin by
dynamically twinning the local production line simulation
model, wherein a local component twin is generated by the
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local component simulation model, and a local device twin
is generated by the local device simulation model;

a system debugging step: performing local off-line simu-
lation debugging on the local production line twin by using
process control of a local management and control system,
marking the local component twin subjected to the local
off-line simulation debugging, and then replacing the
marked local component twin with a corresponding entity
component;

a hardware-in-the-loop debugging step: building local
communication between the local device twin and a local
master control server, and obtaining a finally optimized
control program by simulation debugging; and

a device-in-the-loop debugging step: when all the local
component twins are subjected to off-line simulation debug-
ging and replaced with the corresponding entity compo-
nents, building, by the remote device corresponding to the
entity device composed of the entity components, commu-
nication with the local master control server through a
remote controller, and issuing, by the local device twin, a
corresponding sensing trigger signal to the remote device to
execute an action, wherein the local device twin delays to
transmit the sensing trigger signal, so that the local device
twin acts ahead of the remote device.

For example, the production line simulation model build-
ing step specifically includes:

firstly, building general three-dimensional CAD models
for key elements of an automatic production line according
to the model selection of the remote device in the production
line;

then, processing the general three-dimensional CAD
model with larger numbers of vertices and patches by
simplifying, replacing, or deleting to obtain a lightweight
local component simulation model;

then, building a clear model hierarchical structure among
the local component simulation models; and

finally, according to device resource allocation, workshop
layout planning, and process path planning, integrating all
the local component simulation models and model hierar-
chical structures to form the local device simulation model;

the twinning step specifically includes:

firstly, generalizing and encapsulating the local device
simulation model based on input and output control of a
virtual controller,

wherein the generalizing and encapsulating the local
device simulation model includes: encapsulating a simula-
tion motor assembly used for device driving, arranging
device sensing simulation models matching the reality, and
creating input and output trigger functions;

then, building a communication interface between the
local device simulation model, and the local master control
server and the local management and control system;

then, calibrating input and output ports of the local device
simulation model by building communication with the vir-
tual controller; and

finally, preliminarily debugging a process control logic of
the local management and control system, and finally form-
ing the local production line twin.

It is worth noting that the system debugging step specifi-
cally includes:

firstly, performing simulation delivery and execution of
an order on the local production line twin under process
control of the local management and control system, so as to
implement order delivery debugging and production process
monitoring;

then, simulating executions of device remote fault diag-
nosis and maintenance by randomly generating a device
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fault in the local production line twin to implement fault
detection debugging and processing; and

finally, when the corresponding local component twin is
subjected to the local off-line simulation debugging, replac-
ing the local component twin with the corresponding entity
component; and when the local component twin is not
subjected to the local off-line simulation debugging, adjust-
ing parameters of the local component twin again.

Optionally, the hardware-in-the-loop debugging step spe-
cifically includes:

firstly, selecting a model of the local master control server
and a corresponding communication protocol, determining
input/output devices and a point location address, and
designing a control program;

then, burning the control program, building communica-
tion between the local device twin and the local master
control server, and binding a point location;

then, determining a control requirement and configuring
the control program through execution components and
process parameters of the remote device;

then, formulating and operating a simulation experiment,
driving the local production line twin through an instruction
issued by the local master control server, and simulating
process control of order delivery; receiving, by the local
master control server, a sensing signal of each local com-
ponent twin, and distributing and transmitting the signal to
each remote controller through industrial Ethernet; after
receiving the sensing signal, outputting, by the remote
controller, an execution signal according to a control pro-
gram logic and uploading the signal to the local master
control server, and then forwarding, by the local master
control server, the execution signal to the local component
twin to execute model action control; and

finally, after debugging and verification, obtaining the
finally optimized control program.

Specifically, the device-in-the-loop debugging step spe-
cifically includes:

firstly, transmitting, by the local device twin, the sensing
trigger signal to the local master control server, and for-
warding, by the local master control server, the sensing
trigger signal to the remote controller by using a virtual-real
synchronization technology and an industrial Ethernet com-
munication technology; and

then, after receiving the sensing trigger signal, executing,
by the remote controller, the control program logic, and
issuing an actuator control signal to the remote device, and
after receiving the actuator control signal, executing, by the
remote device, an action;

wherein, the remote controller delays to issue the actuator
control signal to the remote device, and eliminates delay of
industrial Ethernet communication between the remote con-
troller and the local master control server by a 5G technol-
ogy.

For example, an approximate physical simulation inte-
grated debugging system based on digital twinning includes
a production line simulation model building module, a
twinning module, a system debugging module, a hardware-
in-the-loop debugging module, and a device-in-the-loop
debugging module, wherein

the production line simulation model building module is
configured to build local component simulation models
according to model selection of a remote device in a
production line; is also configured to form all the local
component simulation models into local device simulation
models, and is also configured to integrate all the local
device simulation models to build a local production line
simulation model;
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the twinning module is configured to generate a local
production line twin by dynamically twinning the local
production line simulation model; is also configured to
generate a local component twin by the local component
simulation model; and is also configured to generate a local
device twin by the local device simulation model;

the system debugging module is configured to perform
local off-line simulation debugging on the local production
line twin by using process control of a local management
and control system; is also configured to mark the local
component twin subjected to the local off-line simulation
debugging; and is also configured to replace the marked
local component twin with a corresponding entity compo-
nent;

the hardware-in-the-loop debugging module is configured
to build local communication between the local device twin
and a local master control server; and is also configured to
obtain a finally optimized control program by simulation
debugging; and

the device-in-the-loop debugging module is configured to
when all the local component twins are subjected to off-line
simulation debugging and replaced with the corresponding
entity components, build, by the remote device correspond-
ing to the entity device composed of the entity components,
communication with the local master control server through
a remote controller; and is also configured to issue, by the
local device twin, a corresponding sensing trigger signal to
the remote device to execute an action, wherein the local
device twin delays to issue the sensing trigger signal, so that
the local device twin acts ahead of the remote device.

It is worth noting that the production line simulation
model building module is specifically configured to build
general three-dimensional CAD models for key elements of
an automatic production line according to the model selec-
tion of the remote device in the production line;

is configured to process the general three-dimensional
CAD model with larger numbers of vertices and patches by
simplifying, replacing, or deleting to obtain a lightweight
local component simulation model;

is configured to build a clear model hierarchical structure
among the local component simulation models; and

is configured to, according to device resource allocation,
workshop layout planning, and process path planning, inte-
grate all the local component simulation models and model
hierarchical structures to form the local device simulation
model,;

the twinning module is specifically configured to gener-
alize and encapsulate the local device simulation model
based on input and output control of a virtual controller,
wherein the generalizing and encapsulating the local device
simulation model includes: encapsulating a simulation
motor assembly used for device driving, arranging device
sensing simulation models matching the reality, and creating
input and output trigger functions;

is configured to build a communication interface between
the local device simulation model, and the local master
control server and the local management and control system;

is configured to calibrate input and output ports of the
local device simulation model by building communication
with the virtual controller; and

is configured to preliminarily debug a process control
logic of the local management and control system, and
finally forming the local production line twin.

Optionally, the system debugging module is configured to
perform local off-line simulation debugging on the local
production line twin by using process control of a local
management and control system; is also configured to mark
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the local component twin subjected to the local off-line
simulation debugging; and is also configured to replace the
marked local component twin with a corresponding entity
component;

is configured to simulate executions of device remote
fault diagnosis and maintenance by randomly generating a
device fault in the local production line twin to implement
fault detection debugging and processing; and

is configured to, when the corresponding local component
twin is subjected to the local off-line simulation debugging,
replace the local component twin with the corresponding
entity component; and

is configured to, when the local component twin is not
subjected to the local off-line simulation debugging, adjust
parameters of the local component twin again.

Specifically, the hardware-in-the-loop debugging module
is specifically configured to select a model of the local
master control server and a corresponding communication
protocol, determine input/output devices and a point loca-
tion address, and design a control program;

is configured to burn the control program, build commu-
nication between the local device twin and the local master
control server, and bind a point location;

is configured to determine a control requirement and
configure the control program through execution compo-
nents and process parameters of the remote device;

is configured to formulate and operate a simulation
experiment, drive the local production line twin through an
instruction issued by the local master control server, and
simulate process control of order delivery;

is configured to receive, by the local master control server,
a sensing signal of each local component twin, and distribute
and transmit the signal to each remote controller through
industrial Ethernet;

is configured to, after receiving the sensing signal, output,
by the remote controller, an execution signal according to a
control program logic and upload the signal to the local
master control server,

is configured to forward, by the local master control
server, the execution signal to the local component twin to
execute model action control; and

is configured to, after debugging and verification, obtain
the finally optimized control program.

Optionally, the device-in-the-loop debugging module is
specifically configured to transmit, by the local device twin,
the sensing trigger signal to the local master control server;

is configured to forward, by the local master control
server, the sensing trigger signal to the remote controller by
using a virtual-real synchronization technology and an
industrial Ethernet communication technology;

is configured to, after receiving the sensing trigger signal,
execute, by the remote controller, the control program logic,
and issue an actuator control signal to the remote device; and

is configured to delay, by the remote controller, to issue
the actuator control signal to the remote device, and elimi-
nate delay of industrial Ethernet communication between the
remote controller and the local master control server by a 5G
technology.

The present invention has the beneficial effects that: an
approximate physical simulation method of distributed hard-
ware-in-the-loop (physical controller-in-the-loop) is used in
the approximate physical simulation integrated debugging
method based on digital twinning to perform distributed
parallel debugging and verification on the production line,
the local device twin is debugged first, the local component
twin corresponding to the successfully debugged local
device twin is replaced with the entity component, then the

10

15

20

25

30

35

40

45

50

55

60

65

6

whole local device twin is gradually replaced with the entity
device, and the whole production line is replaced finally,
thus avoiding a loss caused by an error in direct operation on
an entity during debugging. Since the local component twin
after being successfully debugged is replaced with the entity
component, when a problem occurs after replacement, only
the local component twin needs to be debugged and opti-
mized again, thus saving time and reducing cost. Multiple
remote devices are remotely connected together through the
communication of the industrial network to realize distrib-
uted parallel debugging, so that problems can be found and
solved early, thus solving shortages of serial development of
current production line, shortening a cycle of system inte-
grated debugging and verification, and reducing develop-
ment cost. The approximate physical simulation integrated
debugging method based on digital twinning implements
distributed parallelization of production line integrated
debugging by the industrial network and a virtual object,
which improves a quality of iterative optimization, shortens
a cycle of debugging and verification, reduces a cost,
reduces or avoids an unnecessary loss, reduces a develop-
ment cycle and a cost of serial design, and can also improve
a confidence coefficient of simulation debugging.

The device-in-the-loop debugging step of the approxi-
mate physical simulation integrated debugging method
based on digital twinning does not require synchronous
debugging, but the local device twin delays to issue the
sensing trigger signal to the remote device, so that the local
device twin is operated ahead of the remove device, and the
purpose is to ensure that local monitoring personnel can find
a control logic error earlier than remote personnel and take
an evasive measure in time.

Pure entity debugging has the following shortcomings: it
is necessary to wait for completing design of an entity object
and writing of a control system logic before entity debug-
ging, resulting in waiting waste; an automation device of the
production line usually comes from manufacturers from
various regions, so that it is necessary to wait for integration
of the whole line before integrated debugging of the whole
line, and it is impossible to remotely integrate for debug-
ging; and mechanical design and manufacture of the pro-
duction line, building of the control system, and implemen-
tation of the local management and control system are a
serial process, and contain each other. Pure entity debugging
in each stage may lead to stagnation of follow-up work and
prolong the development cycle; direct pure entity debugging
in a workshop may inevitably lead to a design error, a logic
error, a debugging error, and other problems, resulting in a
loss caused by misoperation of a mechanical device, and
even a more serious error which results in an irreversible
consequence; debugging and iterating for many times is
time-consuming and energy-intensive, thus being not con-
ducive to iterative optimization of the control system. Com-
pared with the pure entity debugging, the approximate
physical simulation integrated debugging method based on
digital twinning can avoid the above shortcomings.

Pure virtual simulation debugging has the following
shortcomings: a confidence coefficient of a result of pure
virtual debugging is low; the pure virtual simulation debug-
ging is to control a virtual production line by writing a model
behavior logic through a simulation platform, which can
debug and iteratively optimize a process logic of the local
management and control system and a performance of the
production line for many times, but cannot debug and verify
whether a real control system can drive a physical produc-
tion line correctly and reasonably; when the production line
has a complex process logic and is highly automated, it is
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difficult to implement the model behavior logic through the
simulation platform; and after design of an actual production
line is adjusted, the behavior logic written by the simulation
model also needs to be changed accordingly, which cannot
meet a design process of iterative optimization of the entity
device. Compared with pure virtual debugging, the approxi-
mate physical simulation integrated debugging method
based on digital twinning can avoid the above shortcomings.

Different from the pure entity debugging and the pure
virtual debugging, hardware-in-the-loop simulation is used
in the approximate physical simulation integrated debugging
method based on digital twinning to implement distributed
integrated debugging of the virtual object and the entity
object before field deployment of the production line by an
industrial Ethernet+ TCP/IP technology. If the entity device
is still in a manufacturing stage, the entity device may be
replaced with the local device twin and the action script of
the local device twin may be replaced with the actual control
program to debug and verify the system logic (hardware-
in-the-loop); and if some entity devices are completely
assembled, and the control program has avoided the errors
after virtual debugging for many times, these entity devices
may be synchronously incorporated into the simulation
debugging (distributed device-in-the-loop), so that an origi-
nal serial design mode may be optimized into parallel
processing, with the development progress, a confidence
coeflicient after repeated debugging and iteration will also
be gradually increased, and meanwhile, some losses are
avoided, the development cycle is shortened, and the cost is
reduced. The debugging method supports logics of the
control system and the local management and control system
debugged and iteratively optimized for many times, execu-
tion of the local device twin may be controlled by the
iterated control program, and the local device twin may be
quickly rebuilt by the three-dimensional model after itera-
tive design of the device. The local device twin debugged in
a design stage can also be used for debugging in a subse-
quent maintenance stage of the production line, thus making
full use of resources and reducing redundant waste.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart in an embodiment of the present
invention; and

FIG. 2 is a configuration diagram of a device in an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The implementations of the present invention are
described in detail hereinafter. Examples of the implemen-
tations are shown in the accompanying drawings, wherein
the same or similar reference numerals throughout the
accompanying drawings denote the same or similar elements
or elements having the same or similar functions. The
implementations described hereinafter with reference to the
accompanying drawings are exemplary and are only used to
explain the present invention, but should not be understood
as limiting the present invention.

The following disclosure provides many different imple-
mentations or examples for implementing different struc-
tures of the implementations of the present invention. In
order to simplify the disclosure of the implementations of
the present invention, the components and the settings of
specific examples are described below. Certainly, they are
only examples and are not intended to limit the present
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invention. In addition, the implementations of the present
invention may repeat the reference numerals and/or refer-
ence letters in different examples, and such repetition is for
the purpose of simplification and clarification, and does not
itself indicate the relationship between the various imple-
mentations and/or settings discussed. In addition, the imple-
mentations of the present invention provide examples of
various specific processes and materials, but those of ordi-
nary skills in the art can recognize the application of other
processes and/or the use of other materials.

An approximate physical simulation integrated debugging
method based on digital twinning is described below with
reference to FIG. 1 and FIG. 2, which includes the following
steps of:

a production line simulation model building step: building
local component simulation models according to model
selection of a remote device in a production line, then
forming all the local component simulation models into
local device simulation models, and finally integrating all
the local device simulation models to build a local produc-
tion line simulation model,;

a twinning step: generating a local production line twin by
dynamically twinning the local production line simulation
model, wherein a local component twin is generated by the
local component simulation model, and a local device twin
is generated by the local device simulation model;

a system debugging step: performing local off-line simu-
lation debugging on the local production line twin by using
process control of a local management and control system,
marking the local component twin subjected to the local
off-line simulation debugging, and then replacing the
marked local component twin with a corresponding entity
component;

a hardware-in-the-loop debugging step: building local
communication between the local device twin and a local
master control server, and obtaining a finally optimized
control program by simulation debugging; and

a device-in-the-loop debugging step: when all the local
component twins are subjected to off-line simulation debug-
ging and replaced with the corresponding entity compo-
nents, building, by the remote device corresponding to the
entity device composed of the entity components, commu-
nication with the local master control server through a
remote controller, and issuing, by the local device twin, a
corresponding sensing trigger signal to the remote device to
execute an action, wherein the local device twin delays to
transmit the sensing trigger signal, so that the local device
twin acts ahead of the remote device.

An approximate physical simulation method of distrib-
uted hardware-in-the-loop (physical-controller-in-the-loop)
is used in the approximate physical simulation integrated
debugging method based on digital twinning to perform
distributed parallel debugging and verification on the pro-
duction line, the local device twin is debugged first, the local
component twin corresponding to the successfully debugged
local device twin is replaced with the entity component, then
the whole local device twin is gradually replaced with the
entity device, and the whole production line is replaced
finally, thus avoiding a loss caused by an error in direct
operation of an entity during debugging. Since the local
component twin after being successfully debugged is
replaced with the entity component, when a problem occurs
after replacement, only the local component twin needs to be
debugged and optimized again, thus saving time and reduc-
ing cost. Multiple remote devices are remotely connected
together through the communication of the industrial net-
work to realize distributed parallel debugging, so that prob-
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lems can be found and solved early, thus solving shortage of
serial development of current production line, shortening a
cycle of system integrated debugging and verification, and
reducing a development cost. The approximate physical
simulation integrated debugging method based on digital
twinning implements distributed parallelization of produc-
tion line integrated debugging by the industrial network and
a virtual object, which improves a quality of iterative
optimization, shortens a cycle of debugging and verification,
reduces a cost, reduces or avoids an unnecessary loss,
reduces a development cycle and a cost of serial design, and
can also improve a confidence coefficient of simulation
debugging.

The device-in-the-loop debugging step of the approxi-
mate physical simulation integrated debugging method
based on digital twinning does not require synchronous
debugging, but the local device twin delays to issue the
sensing trigger signal to the remote device, so that the local
device twin is operated ahead of the remove device, and the
purpose is to ensure that local monitoring personnel can find
a control logic error earlier than remote personnel and take
an evasive measure in time.

Pure entity debugging has the following shortcomings: it
is necessary to wait for completing design of an entity object
and writing of a control system logic before entity debug-
ging, resulting in waiting waste; a production line automa-
tion device usually comes from manufacturers from various
regions, so that it is necessary to wait for integration of the
whole line before integrated debugging of the whole line,
and it is impossible to remotely integrate for debugging; and
mechanical design and manufacture of the production line,
building of the control system, and implementation of the
local management and control system are a serial process,
and contain each other. Pure entity debugging in each stage
may lead to stagnation of follow-up work and prolong the
development cycle; direct pure entity debugging in a work-
shop may inevitably lead to a design error, a logic error, a
debugging error, and other problems, resulting in a loss
caused by misoperation of a mechanical device, and even a
more serious error which results in an irreversible conse-
quence; debugging and iterating for many times is time-
consuming and energy-intensive, thus being not conducive
to iterative optimization of the control system. Compared
with pure entity debugging, the approximate physical simu-
lation integrated debugging method based on digital twin-
ning can avoid the above shortcomings.

Pure virtual simulation debugging has the following
shortcomings: a confidence coefficient of a result of pure
virtual debugging is low; the pure virtual simulation debug-
ging is to control a virtual production line by writing a model
behavior logic through a simulation platform, which can
debug and iteratively optimize a process logic of the local
management and control system and a performance of the
production line for many times, but cannot debug and verify
whether a real control system can drive a physical produc-
tion line correctly and reasonably; when the production line
has a complex process logic and is highly automated, it is
difficult to implement the model behavior logic through the
simulation platform; and after design of an actual production
line is adjusted, the behavior logic written by the simulation
model also needs to be changed accordingly, which cannot
meet a design process of iterative optimization of the entity
device. Compared with pure virtual debugging, the approxi-
mate physical simulation integrated debugging method
based on digital twinning can avoid the above shortcomings.

Different from the pure entity debugging and the pure
virtual debugging, hardware-in-the-loop simulation is used
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in the approximate physical simulation integrated debugging
method based on digital twinning to implement distributed
integrated debugging of the virtual object and the entity
object before field deployment of the production line by an
industrial Ethernet+ TCP/IP technology. If the entity device
is still in a manufacturing stage, the entity device may be
replaced with the local device twin and the action script of
the local device twin may be replaced with the actual control
program to debug and verify a system logic (hardware-in-
the-loop); and if some entity devices are completely
assembled, and the control program has avoided the errors
after virtual debugging for many times, these entity devices
may be synchronously incorporated into the simulation
debugging (distributed device-in-the-loop), so that an origi-
nal serial design mode may be optimized into parallel
processing, with the development progress, a confidence
coeflicient after repeated debugging and iteration will also
be gradually increased, and meanwhile, some losses are
avoided, the development cycle is shortened, and the cost is
reduced. The debugging method supports logics of the
control system and the local management and control system
debugged and iteratively optimized for many times, execu-
tion of the local device twin may be controlled by the
iterated control program, and the local device twin may be
quickly rebuilt by the three-dimensional model after itera-
tive design of the device. The local device twin debugged in
a design stage can also be used for debugging in a subse-
quent maintenance stage of the production line, thus making
full use of resources and reducing redundant waste.

For example, the production line simulation model build-
ing step specifically includes:

firstly, building general three-dimensional CAD models
for key elements of an automatic production line according
to the model selection of the remote device in the production
line;

then, processing the general three-dimensional CAD
model with larger numbers of vertices and patches by
simplifying, replacing, or deleting to obtain a lightweight
local component simulation model;

then, building a clear model hierarchical structure among
the local component simulation models; and

finally, according to device resource allocation, workshop
layout planning, and process path planning, integrating all
the local component simulation models and model hierar-
chical structures to form the local device simulation model;

the twinning step specifically includes:

firstly, generalizing and encapsulating the local device
simulation model based on input and output control of a
virtual controller,

wherein the generalizing and encapsulating the local
device simulation model includes: encapsulating a simula-
tion motor assembly used for device driving, arranging
device sensing simulation models matching the reality, and
creating input and output trigger functions;

then, building a communication interface between the
local device simulation model, and the local master control
server and the local management and control system;

then, calibrating input and output ports of the local device
simulation model by building communication with the vir-
tual controller; and

finally, preliminarily debugging a process control logic of
the local management and control system, and finally form-
ing the local production line twin.

A digital twinning technology is used in the approximate
physical simulation integrated debugging method based on
digital twinning to digitally model a plurality of remote
devices distributed in different regions to implement digital
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integration of the remote devices first, and then whole line
is planned to obtain the local production line simulation
model. Then, according to key information of the entity
device, such as process requirements, motion parameters,
motion logic, etc., a ladder diagram or graphical program-
ming of a virtual controller is used in a digital twin platform
to quickly implement a control logic, thus implementing
dynamic twinning of the whole line.

The virtual controller is preferably a soft PLC, and an
input/output signal of the local device twin is an output/input
signal from a perspective of control by the virtual controller
control, and the signal is mainly used for controlling a driver
to implement a corresponding action according to specific
parameters. The action of the digital model is driven accord-
ing to different types of input and output values, which
requires to pre-encapsulate a corresponding function and
endow the simulation model with an internal action logic, so
as to meet a requirement of controlling the local device twin
of the virtual controller. The device sensing simulation
model is used for simulating a sensing trigger effect of an
actual device and matching with control of the sensing input
signal programmed by the ladder diagram of the virtual
controller. The input/output trigger function can implement
digital encapsulation of related input/output device con-
trolled by the entity, such as a change-over switch, an
inching switch, a signal indicator, an actuator, etc.

Communication is built through the virtual controller, and
the control logic of the digital device is simply implemented,
which is used for off-line simulation to verify an accuracy of
the production line twin, thus ensuring that input and output
components of each digital device can be operated correctly.

It is worth noting that the system debugging step specifi-
cally includes:

firstly, performing simulation delivery and execution of
an order on the local production line twin under process
control of the local management and control system, so as to
implement order delivery debugging and production process
monitoring;

then, simulating executions of device remote fault diag-
nosis and maintenance by randomly generating a device
fault in the local production line twin to implement fault
detection debugging and processing; and

finally, when the corresponding local component twin is
subjected to the local off-line simulation debugging, replac-
ing the local component twin with the corresponding entity
component; and when the local component twin is not
subjected to the local off-line simulation debugging, adjust-
ing parameters of the local component twin again.

Some local component twins are subjected to various
debugging, so that these local component twins may be
replaced with the entity components, and whole line system
debugging is performed more realistically in a virtuality-
reality crossed semi-physical simulation mode, thus improv-
ing a confidence coeficient of a debugging result.

Optionally, the hardware-in-the-loop debugging step spe-
cifically includes:

firstly, selecting a model of the local master control server
and a corresponding communication protocol, determining
input/output devices and a point location address, and
designing a control program;

then, burning the control program, building communica-
tion between the local device twin and the local master
control server, and binding a point location;

then, determining a control requirement and configuring
the control program through execution components and
process parameters of the remote device;
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then, formulating and operating a simulation experiment,
driving the local production line twin through an instruction
issued by the local master control server, and simulating
process control of order delivery; receiving, by the local
master control server, a sensing signal of each local com-
ponent twin, and distributing and transmitting the signal to
each remote controller through industrial Ethernet; after
receiving the sensing signal, outputting, by the remote
controller, an execution signal according to a control pro-
gram logic and uploading the signal to the local master
control server, and then forwarding, by the local master
control server, the execution signal to the local component
twin to execute model action control; and

finally, after debugging and verification, obtaining the
finally optimized control program.

When the simulation experiment is formulated, in order to
create necessary environmental conditions for operating the
control program, the input signal of the controller is simu-
lated in the local production line twin in the digital twin
platform to simulate the output signal, and the signal is
transmitted to the hardware controller through network
interface wiring. The control program feeds the output signal
back to the digital twin platform to implement closed-loop
control debugging. When the simulation experiment is oper-
ated, whether the control logic is correct is verified, a result
is outputted, and whether the result meets a requirement is
analyzed. Otherwise, a PDCA (Plan, Do, Check, Act) cycle
is executed repeatedly, and the control program is optimized
iteratively. After the debugging is verified to be correct, the
control program will be archived for reference during on-site
integrated debugging of the whole line. After the control
logic of each device is iterated through the PDCA cycle, the
finally optimized program is archived and burned into the
remote device controller, and finally debugging, iteration,
optimization and verification of the control logic of all
devices in the whole line are completed.

Specifically, the device-in-the-loop debugging step spe-
cifically includes:

firstly, transmitting, by the local device twin, the sensing
trigger signal to the local master control server, and for-
warding, by the local master control server, the sensing
trigger signal to the remote controller by using a virtual-real
synchronization technology and an industrial Ethernet com-
munication technology; and

then, after receiving the sensing trigger signal, executing,
by the remote controller, the control program logic, and
issuing an actuator control signal to the remote device, and
after receiving the actuator control signal, executing, by the
remote device, an action;

wherein, the remote controller delays to issue the actuator
control signal to the remote device, and eliminates delay of
industrial Ethernet communication between the remote con-
troller and the local master control server by a 5G technol-
ogy.

The actuator control signals include a motor start-stop
signal and a servo motor pulse and cylinder enable signal.
The above step can simultaneously drive the local device
twin and the remote device to achieve a virtual-real syn-
chronization effect; can also view operation of a distributed
device in a three-dimensional scene, so as to implement
three-dimensional visual monitoring of the remote device;
and can also effectively avoid most logic errors through
debugging of the system debugging step and the hardware-
in-the-loop debugging step, and then the remote devices are
connected in the loop one by one in a distributed way, or all
devices in the production line are connected in the loop, so
as to further debug and verify the motion logic of the control
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system and the process logic of the local management and
control system, improve a confidence coefficient of distrib-
uted simulation integrated debugging, and provide effective
reference for the follow-up.

Communication delay of the industrial Ethernet between
the remote controller and the local master control server is
eliminated as much as possible by using a 5G technology,
which can ensure that the local device twin moves ahead, the
action of the remote device can be interrupted in time when
a problem is found in local monitoring, and a loss caused by
misoperation of the entity device is avoided.

As shown in FIG. 2, an approximate physical simulation
integrated debugging system based on digital twinning
includes a production line simulation model building mod-
ule, a twinning module, a system debugging module, a
hardware-in-the-loop debugging module, and a device-in-
the-loop debugging module, wherein

the production line simulation model building module is
configured to build local component simulation models
according to model selection of a remote device in a
production line; is also configured to form all the local
component simulation models into local device simulation
models, and is also configured to integrate all the local
device simulation models to build a local production line
simulation model;

the twinning module is configured to generate a local
production line twin by dynamically twinning the local
production line simulation model; is also configured to
generate a local component twin by the local component
simulation model; and is also configured to generate a local
device twin by the local device simulation model;

the system debugging module is configured to perform
local off-line simulation debugging on the local production
line twin by using process control of a local management
and control system; is also configured to mark the local
component twin subjected to the local off-line simulation
debugging; and is also configured to replace the marked
local component twin with a corresponding entity compo-
nent;

the hardware-in-the-loop debugging module is configured
to build local communication between the local device twin
and a local master control server; and is also configured to
obtain a finally optimized control program by simulation
debugging; and

the device-in-the-loop debugging module is configured to
when all the local component twins are subjected to off-line
simulation debugging and replaced with the corresponding
entity components, build, by the remote device correspond-
ing to the entity device composed of the entity components,
communication with the local master control server through
a remote controller; and is also configured to issue, by the
local device twin, a corresponding sensing trigger signal to
the remote device to execute an action, wherein the local
device twin delays to issue the sensing trigger signal, so that
the local device twin acts ahead of the remote device.

Firstly, the local device twin is quickly verified offline by
using the system, so as to ensure a modeling accuracy of the
local device twin, which is namely pure virtual off-line
simulation debugging. Then, the remote controller is con-
nected in the loop through the industrial Ethernet to convert
the debugging into hardware-in-the-ring simulation debug-
ging. Finally, after debugging and iterative optimization for
many times, when the control program reaches an available
condition, a debugging method of virtual and real synchro-
nization is formed by combining the pure entity debugging
and the hardware-in-the-loop debugging, and the remote
device is monitored through the local device twin, so that a
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problem in the remote device is found and avoided in time.
In addition, the process control of the local management and
control system is debugged and iterated in the whole pro-
cess.

The simulation integrated debugging may be applied from
production line planning and design to engineering imple-
mentation and acceptance, and operation of the production
line may be tested in advance, thus reducing losses gener-
ated by misoperation of a mechanical device caused by a
design error, an operation error, and other errors during field
debugging. The approximate physical simulation technology
can not only make an engineer get some necessary data to
improve understanding of a dynamic performance of the
system, but also make the engineer visually see operation of
the system. Logic verification and control testing of the
entity controller may be directly executed in the simulation
model during development without waiting for completely
manufacturing the entity device, so as to quickly eliminate
the design error, check whether the system meets an actual
need in advance, examine a practicability of the physical
production line system, implement automatic production
line parallel design, shorten a cycle of design, debugging
and verification of the production line, and reduce a devel-
opment cost.

The above production line simulation model building
module and the above twinning module are aimed at digital
integration of the remote distributed device, and the hard-
ware-in-the-loop debugging module and the device-in-the-
loop debugging module perform virtuality-reality combined
semi-physical simulation debugging and verification based
on digital integration, thus implementing an integrated
debugging function of distributed approximate physical
simulation based on digital twinning. Devices provided by
different manufacturers may be debugged online separately,
in time-sharing, remotely, and with the whole line, thus
being released from restrictions of region, site and time-
space. Integrated debugging and verification of the device
control logic and the production line control logic are
completed in parallel before the whole line is integrated with
the distributed device, thus implementing a parallelization
process of debugging of a whole line of an intelligent
workshop, reducing on-site debugging times, shortening a
project cycle, and reducing a development cost.

Especially, the device of the production line usually
comes from manufacturers of various regions, so that it is
necessary to connect the device as a network node to the
local master control server by using the industrial Ethernet,
and perform the virtual debugging through the local simu-
lation platform, thus implementing distributed approximate
physical simulation integrated debugging of the remote
device.

The approximate physical simulation integrated debug-
ging method based on digital twinning depends on the
following premises: a digital twinning platform with func-
tions of three-dimensional digital design and three-dimen-
sional visual virtual debugging is provided, and a physical
engine is integrated to improve an authenticity of virtual-real
mapping; the system may perform virtual equipment of a
single device, and has functions of sensing trigger mecha-
nism and soft controller, which may control an action of a
simulation model through a ladder diagram or a script, and
may debug the single device and the whole line system. The
system and the automation device support a variety of
mainstream communication protocols (OPC, Modbus, Profi-
net, TCP/IP, EtherNet/IP, etc.), which are used for imple-
menting distributed debugging of time-sharing and remote
interconnection.
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For example, the production line simulation model build-
ing module is specifically configured to build general three-
dimensional CAD models for key elements of an automatic
production line according to the model selection of the
remote device in the production line;

is configured to process the general three-dimensional
CAD model with larger numbers of vertices and patches by
simplifying, replacing, or deleting to obtain a lightweight
local component simulation model;

is configured to build a clear model hierarchical structure
among the local component simulation models; and

is configured to, according to device resource allocation,
workshop layout planning, and process path planning, inte-
grate all the local component simulation models and model
hierarchical structures to form the local device simulation
model;

the twinning module is specifically configured to gener-
alize and encapsulate the local device simulation model
based on input and output control of a virtual controller,
wherein the generalizing and encapsulating the local device
simulation model includes: encapsulating a simulation
motor assembly used for device driving, arranging device
sensing simulation models matching the reality, and creating
input and output trigger functions;

is configured to build a communication interface between
the local device simulation model, and the local master
control server and the local management and control system;

is configured to calibrate input and output ports of the
local device simulation model by building communication
with the virtual controller; and

is configured to preliminarily debug a process control
logic of the local management and control system, and
finally forming the local production line twin.

The model selection of the remote device of the produc-
tion line includes a stand-alone device, a logistics device, a
conveying line, and a robot. Lightweight processing of the
digital device model is implemented on the premise of not
affecting a fidelity and an appearance of the digital device.
A relative motion relationship between the components can
clearly identified by building a clear hierarchical structure of
the model.

It is worth noting that the system debugging module is
configured to perform local off-line simulation debugging on
the local production line twin by using process control of a
local management and control system; is also configured to
mark the local component twin subjected to the local off-line
simulation debugging; and is also configured to replace the
marked local component twin with a corresponding entity
component;

is configured to simulate executions of device remote
fault diagnosis and maintenance by randomly generating a
device fault in the local production line twin to implement
fault detection debugging and processing; and

is configured to, when the corresponding local component
twin is subjected to the local off-line simulation debugging,
replace the local component twin with the corresponding
entity component; and

is configured to, when the local component twin is not
subjected to the local off-line simulation debugging, adjust
parameters of the local component twin again.

All functions of the approximate physical simulation
integrated debugging system based on digital twinning may
be simulated and debugged by relying on the local produc-
tion line twin. A specific method is to simulate a correspond-
ing situation in a corresponding local component twin by
manually inputting an instruction or issuing an instruction
by the system, and then debug and verify whether an
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execution effect of a corresponding function module in the
local management and control system can meet require-
ments.

Optionally, the hardware-in-the-loop debugging module
is specifically configured to select a model of the local
master control server and a corresponding communication
protocol, determine input/output devices and a point loca-
tion address, and design a control program;

is configured to burn the control program, build commu-
nication between the local device twin and the local master
control server, and bind a point location;

is configured to determine a control requirement and
configure the control program through execution compo-
nents and process parameters of the remote device;

is configured to formulate and operate a simulation
experiment, drive the local production line twin through an
instruction issued by the local master control server, and
simulate process control of order delivery;

is configured to receive, by the local master control server,
a sensing signal of each local component twin, and distribute
and transmit the signal to each remote controller through
industrial Ethernet;

is configured to, after receiving the sensing signal, output,
by the remote controller, an execution signal according to a
control program logic and upload the signal to the local
master control server,

is configured to forward, by the local master control
server, the execution signal to the local component twin to
execute model action control; and

is configured to, after debugging and verification, obtain
the finally optimized control program.

The above module implements the distributed hardware-
in-the-loop debugging, and debugs and verifies the process
control logic of the local management and control system
again.

Specifically, the device-in-the-loop debugging module is
specifically configured to transmit, by the local device twin,
the sensing trigger signal to the local master control server;

is configured to forward, by the local master control
server, the sensing trigger signal to the remote controller by
using a virtual-real synchronization technology and an
industrial Ethernet communication technology;

is configured to, after receiving the sensing trigger signal,
execute, by the remote controller, the control program logic,
and issue an actuator control signal to the remote device; and

is configured to delay, by the remote controller, to issue
the actuator control signal to the remote device, and elimi-
nate delay of industrial Ethernet communication between the
remote controller and the local master control server by a 5G
technology.

When one remote device is completely assembled and a
control program thereof is verified to be correct after debug-
ging for many times, the remote device may be connected to
in the loop, and controlled by the remote controller, and the
local device twin issues the sensing trigger signal to execute
the action, thus implementing visual virtual-real synchro-
nous debugging.

A distributed hardware-in-the-loop debugging technology
is used to perform logic verification and control testing of
the remote controller in the local device twin. In addition,
the whole process integrates the local management and
control system, and debugs and verifies whether process
logic design of the local management and control system
meets process and customer requirements.

In the description of the present invention, the descrip-
tions of the reference terms “one implementation”, “some
implementations”, “schematic implementations”,
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“examples”, “specific examples”, or “some examples” refer
to that the specific features, structures, materials, or char-
acteristics described in combination with the implementa-
tion or example are included in at least one implementation
or example of the present invention. In the specification, the
schematic expressions of the above terms do not necessarily
refer to the same implementation or example. Furthermore,
the specific features, structures, materials, or characteristics
described may be combined in any one or more implemen-
tations or examples in a suitable manner.

The logic and/or step shown in the flow chart or described
in other ways herein, such as the sequence list of executable
instructions regarded as being used for implementing logic
functions, can be specifically implemented in any computer-
readable medium for use by or in combination with instruc-
tion execution system, apparatus or device (such as a com-
puter-based system, a system including a processing module
or other systems that can receive and execute the instruc-
tions from the instruction execution system, apparatus or
device).

We claim:

1. An approximate physical simulation integrated debug-
ging method based on digital twinning, comprising the
following steps of:

aproduction line simulation model building step: building
local component simulation models according to model
selection of a remote device in a production line, then
forming all the local component simulation models into
local device simulation models, and finally integrating
all the local device simulation models to build a local
production line simulation model;

atwinning step: generating a local production line twin by
dynamically twinning the local production line simu-
lation model, wherein a local component twin is gen-
erated by the local component simulation model, and a
local device twin is generated by the local device
simulation model;

a system debugging step: performing local off-line simu-
lation debugging on the local production line twin by
using process control of a local management and con-
trol system, marking the local component twin sub-
jected to the local off-line simulation debugging, and
then replacing the marked local component twin with a
corresponding entity component;

a hardware-in-the-loop debugging step: building local
communication between the local device twin and a
local master control server, and obtaining a finally
optimized control program by simulation debugging;
and

a device-in-the-loop debugging step: when all the local
component twins are subjected to off-line simulation
debugging and replaced with the corresponding entity
components, building, by the remote device corre-
sponding to the entity device composed of the entity
components, communication with the local master con-
trol server through a remote controller, and issuing, by
the local device twin, a corresponding sensing trigger
signal to the remote device to execute an action,
wherein the local device twin delays to transmit the
sensing trigger signal, so that the local device twin acts
ahead of the remote device, and time delay is able to
allow a local monitoring personnel to find a control
logic error earlier than a remote personnel and take an
evasive measure;

wherein the device-in-the-loop debugging step further
comprises:
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firstly, transmitting, by the local device twin, the sens-
ing trigger signal to the local master control server,
and forwarding, by the local master control server,
the sensing trigger signal to the remote controller;
and

then, after receiving the sensing trigger signal, execut-
ing, by the remote controller, the control program
logic, and issuing an actuator control signal to the
remote device, and after receiving the actuator con-
trol signal, executing, by the remote device, an
action.

2. The approximate physical simulation integrated debug-
ging method based on digital twinning according to claim 1,
wherein the production line simulation model building step
specifically comprises:

firstly, building general three-dimensional CAD models

for key elements of an automatic production line
according to the model selection of the remote device
in the production line;

then, processing the general three-dimensional CAD

model with larger numbers of vertices and patches by
simplifying, replacing, or deleting to obtain a light-
weight local component simulation model;

then, building a clear model hierarchical structure among

the local component simulation models; and
finally, according to device resource allocation, workshop
layout planning, and process path planning, integrating
all the local component simulation models and model
hierarchical structures to form the local device simu-
lation model,;
the twinning step specifically comprises:
firstly, generalizing and encapsulating the local device
simulation model based on input and output control of
a virtual controller,

wherein the generalizing and encapsulating the local
device simulation model comprises: encapsulating a
simulation motor assembly used for device driving,
arranging device sensing simulation models matching
the reality, and creating input and output trigger func-
tions;

then, building a communication interface between the

local device simulation model, and the local master
control server and the local management and control
system,

then, calibrating input and output ports of the local device

simulation model by building communication with the
virtual controller; and

finally, preliminarily debugging a process control logic of

the local management and control system, and finally
forming the local production line twin.

3. The approximate physical simulation integrated debug-
ging method based on digital twinning according to claim 2,
wherein the system debugging step specifically comprises:

firstly, performing simulation delivery and execution of

an order on the local production line twin under process
control of the local management and control system, so
as to implement order delivery debugging and produc-
tion process monitoring;

then, simulating executions of device remote fault diag-

nosis and maintenance by randomly generating a
device fault in the local production line twin to imple-
ment fault detection debugging and processing; and
finally, when the corresponding local component twin is
subjected to the local off-line simulation debugging,
replacing the local component twin with the corre-
sponding entity component; and when the local com-
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ponent twin is not subjected to the local off-line simu-
lation debugging, adjusting parameters of the local
component twin again.

4. The approximate physical simulation integrated debug-
ging method based on digital twinning according to claim 3,
wherein the hardware-in-the-loop debugging step specifi-
cally comprises:

firstly, selecting a model of the local master control server

and a corresponding communication protocol, deter-
mining input/output devices and a point location
address, and designing a control program;

then, burning the control program, building communica-

tion between the local device twin and the local master
control server, and binding a point location;

then, determining a control requirement and configuring

the control program through execution components and
process parameters of the remote device;

then, formulating and operating a simulation experiment,

driving the local production line twin through an
instruction issued by the local master control server,
and simulating process control of order delivery;
receiving, by the local master control server, a sensing
signal of each local component twin, and distributing
and transmitting the signal to each remote controller
through industrial Ethernet; after receiving the sensing
signal, outputting, by the remote controller, an execu-
tion signal according to a control program logic and
uploading the signal to the local master control server,
and then forwarding, by the local master control server,
the execution signal to the local component twin to
execute model action control; and

finally, after debugging and verification, obtaining the

finally optimized control program.

5. The approximate physical simulation integrated debug-
ging method based on digital twinning according to claim 4,
wherein

the remote controller delays to issue the actuator control

signal to the remote device, and eliminates delay of

industrial Ethernet communication between the remote
controller and the local master control server by a 5G
technology.

6. An approximate physical simulation integrated debug-
ging system based on digital twinning, comprising a pro-
duction line simulation model building module, a twinning
module, a system debugging module, a hardware-in-the-
loop debugging module, and a device-in-the-loop debugging
module, wherein

the production line simulation model building module is

configured to build local component simulation models
according to model selection of a remote device in a
production line; is also configured to form all the local
component simulation models into local device simu-
lation models, and is also configured to integrate all the
local device simulation models to build a local produc-
tion line simulation model,;

the twinning module is configured to generate a local

production line twin by dynamically twinning the local
production line simulation model; is also configured to
generate a local component twin by the local compo-
nent simulation model; and is also configured to gen-
erate a local device twin by the local device simulation
model,;

the system debugging module is configured to perform

local off-line simulation debugging on the local pro-
duction line twin by using process control of a local
management and control system; is also configured to
mark the local component twin subjected to the local
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off-line simulation debugging; and is also configured to
replace the marked local component twin with a cor-
responding entity component;

the hardware-in-the-loop debugging module is configured

to build local communication between the local device
twin and a local master control server; and is also
configured to obtain a finally optimized control pro-
gram by simulation debugging; and

the device-in-the-loop debugging module is configured to

when all the local component twins are subjected to
off-line simulation debugging and replaced with the
corresponding entity components, build, by the remote
device corresponding to the entity device composed of
the entity components, communication with the local
master control server through a remote controller; and
is also configured to issue, by the local device twin, a
corresponding sensing trigger signal to the remote
device to execute an action, wherein the local device
twin delays to issue the sensing trigger signal, so that
the local device twin acts ahead of the remote device,
and time delay is able to allow a local monitoring
personnel to find a control logic error earlier than a
remote personnel and take an evasive measure;
wherein the device-in-the-loop debugging module is fur-
ther configured to:
firstly, transmit, by the local device twin, the sensing
trigger signal to the local master control server, and
forward, by the local master control server, the
sensing trigger signal to the remote controller; and
then, after receiving the sensing trigger signal, execute,
by the remote controller, the control program logic,
and issue an actuator control signal to the remote
device, and after receiving the actuator control sig-
nal, execute, by the remote device, an action.
7. The approximate physical simulation integrated debug-
ging system based on digital twinning according to claim 6,
wherein the production line simulation model building mod-
ule is specifically configured to build general three-dimen-
sional CAD models for key elements of an automatic
production line according to the model selection of the
remote device in the production line;
is configured to process the general three-dimensional
CAD model with larger numbers of vertices and
patches by simplifying, replacing, or deleting to obtain
a lightweight local component simulation model;

is configured to build a clear model hierarchical structure
among the local component simulation models; and

is configured to, according to device resource allocation,
workshop layout planning, and process path planning,
integrate all the local component simulation models
and model hierarchical structures to form the local
device simulation model;

the twinning module is specifically configured to gener-

alize and encapsulate the local device simulation model
based on input and output control of a virtual controller,
wherein the generalizing and encapsulating the local
device simulation model comprises: encapsulating a
simulation motor assembly used for device driving,
arranging device sensing simulation models matching
the reality, and creating input and output trigger func-
tions;

is configured to build a communication interface between

the local device simulation model, and the local master
control server and the local management and control
system,
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is configured to calibrate input and output ports of the
local device simulation model by building communi-
cation with the virtual controller; and

is configured to preliminarily debug a process control

logic of the local management and control system, and
finally forming the local production line twin.

8. The approximate physical simulation integrated debug-
ging system based on digital twinning according to claim 7,
wherein the system debugging module is specifically con-
figured to perform simulation delivery and execution of an
order on the local production line twin under process control
of the local management and control system, so as to
implement order delivery debugging and production process
monitoring;

is configured to simulate executions of device remote

fault diagnosis and maintenance by randomly generat-
ing a device fault in the local production line twin to
implement fault detection debugging and processing;
and

is configured to, when the corresponding local component

twin is subjected to the local off-line simulation debug-
ging, replace the local component twin with the corre-
sponding entity component; and

is configured to, when the local component twin is not

subjected to the local off-line simulation debugging,
adjust parameters of the local component twin again.

9. The approximate physical simulation integrated debug-
ging system based on digital twinning according to claim 8,
wherein the hardware-in-the-loop debugging module is spe-
cifically configured to select a model of the local master
control server and a corresponding communication protocol,
determine input/output devices and a point location address,
and design a control program;
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is configured to burn the control program, build commu-
nication between the local device twin and the local
master control server, and bind a point location;
is configured to determine a control requirement and
configure the control program through execution com-
ponents and process parameters of the remote device;

is configured to formulate and operate a simulation
experiment, drive the local production line twin
through an instruction issued by the local master con-
trol server, and simulate process control of order deliv-
ery;

is configured to receive, by the local master control server,

a sensing signal of each local component twin, and
distribute and transmit the signal to each remote con-
troller through industrial Ethernet;

is configured to, after receiving the sensing signal, output,

by the remote controller, an execution signal according
to a control program logic and upload the signal to the
local master control server,

is configured to forward, by the local master control

server, the execution signal to the local component twin
to execute model action control; and

is configured to, after debugging and verification, obtain

the finally optimized control program.

10. The approximate physical simulation integrated
debugging system based on digital twinning according to
claim 9, wherein the device-in-the-loop debugging module
is specifically configured to

eliminate delay of industrial Ethernet communication

between the remote controller and the local master
control server by a 5G technology.

#* #* #* #* #*



